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(§) A method of forming an electronically conductive composite layer on a substrate in a device 
containing solid electrolyte. 

An electrochemical device, containing a solid oxide electrolyte material and an electrically conductive 
composite layer, has the composite layer attached by : (A) applying a layer of LaCrOs or YCrOa partides 
(32), on a portion of a porous ceramic substrate (30), (B) heating to sinter bond the particles to the 
substrate, (C) depositing a dense filler structure (34) between the doped particles (32), (D) shaving off 
the top of the particles, and (E) applying an electronically conductive layer over the particles (32) as a 
contact 
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The present invention relates to a method of form- 
ing an electronically conductive composite layer in a 
device containing solid electrolyte, preferably the 
device is a fuel cell. 

High temperature electrical devices are well 
known. In this type of device, typified by a combination 
of electrochemical cells, a porous support tube of cal- 
cia stabilized zirconfa, has an air electrode cathode 
deposited on it The air electrode may be made of, for 
example, doped oxides of the perovskite family, such 
as lanthanum manganlte. Surrounding the major por- 
tion of the outer periphery of the air electrode is a layer 
of gas-tight solid electrolyte, usually yttria stabilized 
zirconia. A selected radial segment of the air elec- 
trode is covered by an Interconnection material. The 
interconnection material may be made of a doped 
lanthanum chromite film. The generally used dopant 
is Mg, although Ca and Sr have also been suggested. 

Both the electrolyte and interconnect material are 
applied on top of the air electrode by vapor deposition 
process, at temperatures of up to 1450**C, with the 
suggested use of vaporized halides of zirconium and 
yttrium for the electrolyte, and vaporized halides of 
lanthanum, chromium, magnesium, calcium or stron- 
tium for the interconnection material. A fuel electrode, 
which is applied on top of the electrolyte is also bon- 
ded to the electrolyte by vapor deposition; here, nickel 
particles are anchored to the electrolyte surface by 
the vapor deposited skeleton of electrolyte material. 

U.S. Patent Specification No. 4.631,238 (Ruka), 
in an attempt to solve potential interconnection ther- 
mal expansion mismatch problems between the inter- 
connect, electrolyte, electrode, and support 
materials, taught cobalt doped lanthanum chromite, 
preferably also doped with magnesium, for example 
LaCr^3Mg.o3Co.o*03, as a vapor deposited intercon- 
nection material using chloride vapors of lanthanum, 
chromium, magnesium, and cobalt 

It has been found, however, that there are certain 
thermodynamic limrtations in doping the interconnec- 
tion from a vapor phase by a vapor deposition process 
between SOO'^C and 1400*0. Also, the vapor press- 
ures of the calcium chloride, strontium chloride, cobalt 
chloride, and barium chloride are low at vapor deposi- 
tion temperatures, and the transport to the reaction 
zone can be a problem. Thus, magnesium is the prim- 
ary dopant used for the interconnection material. 
However, magnesium doped lanthanum chromite. for 
example L3,97Mg.03CrO3, has a 12% to 14% thermal 
expansion mismatch with the air electrode and elec- 
trolyte material. 

U.S. Patent Specification No. 4,861,345 (Bowker 
et at), in a completely different approach, taught 
depositing particles of LaCrO^ Joped with Sr, Mg, Ca, 
6a or Co and coated with calcium oxide or chromium 
oxide, on an air electrode, and then sintering at 
1,400''C. Here, the metal of the surface d posit dif- 
fused into the LaCrOs structure. This process com- 



pletely liminated vapor deposition steps and the 
skeletal support structure. 

None of the proposed solutions solve all the prob- 
lems of thermal expansion mismatch, and problems 

5 associated with doping calcium, strontium, cobalt, 
and barium by vapor deposition, or of providing 
method of depositing a uniform, leakproof conductive 
layer on a variety of substrates in a simple and 
economical fashion. It is an object of this invention to 

10 solve such problems. 

Accordingly, the present invention resides in a 
method of forming a dense, high temperature elec- 
tronically conductive composite layer on an electrode 
structure, characterized by the steps of: (A) applying 

IS alayer of dense particles selected from the group con- 
sisting of doped LaCrOa, and doped YCrOa. where the 
dopant Is an element selected from the group consist- 
ing of Mg, Ca, Sr, Ba, Ce, Co, Ni. and mixtures 
thereof, on a portion of a first surface of a porous elec- 

20 trode stnjcture, (B) heating the particles to sinter bond 
them to the electrode, (C) electrochemical vapor 
depositing a dense skeletal structure comprising 
stabilized ZrOa, between and around the doped parti- 
cles, where the particles get embedded into the stabi- 

25 lized ZrOa structure as it grows thicker with time. (D) 
removing any stabilized Zr02 that was deposited on 
top of the emt>edded particles, to expose the embed- 
ded, doped particles, and (E) applying a high tem- 
perature electronically conductive coating over at 

30 least the doped particles, to provide ^n electronically 
conductive interconnection layer on the porous elec- 
trode structure. 

The term "electrochemical vapor deposition" 
(EVD), as used herein, means applying metal halide 

35 vapor, comprising zirconium halide and also prefer- 
ably yttrium halide, to the outer first surface of the por- 
ous substrate, and applying a source of oxygen to an 
inner second, opposite surface of the porous sut>- 
strate. in a manner effective that oxygen atoms con- 

40 tact halide vapor at said first surface of the porous 
substrate. This allows a reaction of the oxygen with 
the metal halide vapor, and fonmatton of a substan- 
ttatly 100% dense stabilized zirconia, preferably yttria 
stabilized zirconia structure, where with continu d 

45 growth oxygen ions, |>enmeate the structure to react 
with the halide vapor until the desired thickness is 
achieved. The term "electronically conducthfe* means 
conducting electrons but not substantially conducting 
k>ns. 

50 Preferably, the substrate is a porous air electrode 

cathode made of doped LaMnOa, In the fonm of a tubu- 
lar structure of a solid oxide fuel cell, optionally qup- 
ported by a porous, stabiliz d zirconia support tube. 
Additional steps, including applying a solid electrolyte 

55 layer over th rennaining portbn of the air cathode, 
and applying a cermet fiiel electrode anode ov rthe 
electrolyte, will complete fonmatioh of an electrochem- 
ical cell. A major advantage of this process is the total 
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elimination of one vapor deposition process in the fab- 
rication of a solid oxide fuel cell. 

The inv ntion additionally resides in an oxygen 
semipenmeable membrane, characterized in that 
electronically conducting partides selected from the 5 
group consisting of doped LaCrOs, doped YCrOa, 
doped LaMnOs partides, and mixtures thereof are 
embedded in stabilized ZrOz, and the top partide sur- 
faces are exposed to the atmosphere on both sides of 
the membrane. Doped LaMnOa partides can be used io 
in this instance. TYiis membrane can be coated on 
both sides with a thin layer of oxides of the Perovskite 
family, such as doped or undoped LaCrOa, LaMnOa, 
CoPrOa, or LaNIOa. This membrane can be placed on 
a porous support selected from the group of consist- is 
ing Zr02. doped LaMnOa, doped LaCrOa and their 
mixtures. 

In order that the Invention can t>e more dearly 
understood, conventional embodiments thereof will 
now be described, by way of example, with reference 20 
to the accompanying drawings, in which: 

Figure is a schematic sectional view of a prefer- 
red embodimentof a single, tubular electrochem- 
ical cell, showing the interconnection layer 
formed by the method of this invention oh top of 25 
a supporting electrode; 

Figure 2 is a side view In section of a substrate, 
which can^be either an air electrode or a simple 
support structure; 

Figure 3 is a side view In section of the substrate 30 
of Figure 2 having partides applied to it; 
Figure 4 is a side view in section of the applied 
partides shown in Figure 3, with deposited ma- 
terial between them; 

Figure 5 is a side view in section of the structure 35 
of Figure 4, having any deposited material 
removed from the top of tiie partides, as by sand- 
ing, the like; 

Figure 6, which best shows the inventk>n, is a side 
view in section of the structure of Figure 5, having 40 
an electronically conductive coating applied over 
at least the partides, and as shown here, also the 
skeletal structure; and 

Figure 7 is a side view in section of the composite 
structure of Figure 6, with a variety of further plat- ^5 
ing coatings. 

Referring now to Figure 1 of the Drawings, a pre- 
ferred, tubular, electrochemical cell 10 is shown. The 
preferred configuration is based upon a fuel cell sys- 
tem, wherein a flowing gaseous fuel, such as hydro- so 
gen or cart>on monoxide, is directed axially over the 
outside of the cell, as Indicated by the arrow 12, and 
an oxidant such as air, or O2 indicated by the arrow 
14, flows through the inside of the cell. Where the cell 
Is as shown, oxygen nriolecules pass through porous, ss 
electronically conductive electrode structure 16 and 
are changed to oxygen ions which pass through the 
electrolyte 18. to combine with fuel at the fuel el c- 



trode 20, which is usually of a metal-ceramic or cer- 
met construction. 

It should be noted that the following descriptk>n of 
a preferred tubular configuration should not b con- 
sidered limiting in any manner. It should also be noted 
that the electronically conducting composite lay r of 
this invention, described hereinafter, could be applied 
to a variety of substrates and to electrochemical cells 
other than fuel cells, and In one instance as an 
example, can be used for O2 separation from air, by 
forming a mixed conducting membrane which is per- 
meable to oxygen at elevated temperatures. In tfie 
case of fuel cells, the term "air electrode" as used 
throughout means that electrode which will be In con- 
tact with oxidant, and "friel electrode* means that 
electrode that will be in contact with fuel. 

The invention will hereinafter be prin^arily des- 
cribed with reference to Its preferred embodiment in 
a fuel cell. The cell 10 can include an optional, porous 
support tube 22. The support tube can be comprised 
of calcia stabilized zirconia, forming a porous wall 
approximately one to two miliimeteis thick. The air 
electrode, or cathode 16 is a porous, oxide structure 
approximately 50 micrometers to 1.500 micrometers 
(0.05 millimeter to 1.5 millimeter) thick. It can bed po- 
sited on the support tube by slurry dip and sinter 
techniques, or extruded as a self-supporting struc- 
ture. The air cathode is. for example, comprised of 
doped oxides or mixtures of oxides of the perovskite 
family, such as LaMnOa, CaMnOa. LaNiOg. LaCoOa. 
LaCrOa. and the like. Prefen-ed dopants are Mr, Ca. 
Sr. Ba. Ce. Co and Ni. 

Surrounding most of the outer periphery of th air 
electrode 16 is a layer of gas-tight solid electrolyte 18. 
generally comprised of yttria stabilized zirconia about 
1 micrometer to about 100 micrometers thick <0.001 
millimeterto 0.1 millimeter). The electrolyte 18 can be 
deposited onto the air electrode by well known, high 
temperature, electrochemical vapor deposition 
techniques. In the case where electrolyte is to b 
deposited before the Interconnection, a selected 
radial segment or portion 24 of the air electrode 16 is 
masked during electrolyte deposition and ttien a layer 
of a nonF>orous interconnection material 26 is depo- 
sited on this segment or portion 24. If the interconnec- 
tion is to be deposited first then the electrolyte portion 
of the air electrode is masked initially. 

The dense Interconnection material 26, which 
preferably extends the active axial length of each 
elongated cell 10 as shown, must be electrically con- 
ductive in both an oxidant and fuel environment The 
gas-tight interconnection 26 is roughly similar in thick- 
ness to the electrolyte, about 30 micrometers to about 
too micrometers (0.03 millimeter to 0.1 millimeter). 
The interconnection should be non-porous (over 
about 95% dense) and preferably be nearly 99% to 
100% electronically conductive at 1000**C, the usual 
operating temperature of a fuel cell. 
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The interconnection must be dense and leakproof 
and also have a coefficient of thermal expansion close 
to that of the solid electrolyte, and the electrode onto 
which it is deposited, and the other components, 
including the support tube, if used. The usual inter- 5 
connection material is doped lanthanum chromite. of 
approximately 20 micrometers to 50 micrometers 
(0.02 millimeter to 0.05 millimeter) thickness. Usually, 
an electrically conductive top layer 28 is deposited 
over the interconnection 26. This top layer is prefer- io 
ably comprised of the same material as the fuel 
anode, that is, nickel or cobalt zirconia cermet, and is 
atx)ut the same thickness, 100 micrometers. Pre- 
sently used lanthanum chromite interconnections, 
produced by EVD have an approximate 14% mis- is 
match of thermal expansion coefficient with the rest of 
the fuel cell components. 

This invention consists of bonding a given 
amount of individual particles, of desired interconnec- 
tion composition, preferably by means of an EVD 20 
grown, gas tight filler. The process consists of apply- 
ing these particles, in a densely packed layer onto a 
selected portion of a substrate, such as the air elec- 
trode surface in an amount effective to provide suffi- 
cient electronically conducting surface area to 25 
achieve a low resistance contact to the underlying 
oxide electrode. 

The overall physical, chemical and electrical 
properties of such composite interconnection will be 
influenced by the individual properties of the particles 30 
and that of the surrounding EVD grown, stabilized 
ZrOa skeleton. For example, a deposit of LaCrOs par- 
ticles doped with at least one of Mg, Ca, Sr. Ba, C:e, 
Co, and Ni, could be deposited and pressed into the 
interconnection site and then stabilized Z1O2 film 35 
grown In between and around the particles by EVD. 
The packing density and shape of the particles is best 
characterized by close-packed spheres in its prefer- 
red embodiment The chemical stability, thermal 
expansion and electronic conductivity of the compo- 40 
site interconnection is determined by the level of dop- 
ing of the lanthanum chromite particles. 

Figure 2 shows a bare section of porous ceramic 
substrate 30, which can l>e the porous air electrode 
material described previously, such as LaMnOs 45 
doped with Sr, for fuel cell application, or a porous 
support material, such as calcia stabilized zirconia, for 
example (2r02).85 (CaO).t5 where an O2 separation 
device Is to be constructed. The substrate could be 
presintered, or could be "green", that is unsintered, or so 
have a top "green" layer supported by a sintered sup- 
port so that particles can easily be pressed Into or 
otherwise applied its top surface. 

Figure 3 shows a layer, preferably a closely 
packed layer of particles 32 applied to the unsintered 55 
substrate 30. The particles can be, for example, 
sieved over the substrate and then pressed into place. 
Wetting the substrate with water or other liquids, or a 



slurry of fine L^MnOa powder t>efore partlde appli- 
cation helps adherence. Of course, other methods f 
applying a dosely packed layer of partides can be 
used, for example tape applk:atk>n. Th partides pref- 
erably approach a circular cross-section, and would 
be selected from the group consisting of LaCrOa, 
YCrOa, and mixtures thereof, each doped with an ele- 
ment selected from Mg. Ca, Sr. Ba. Ce, Co. Ni, and 
their mixtures. LaCrOa doped with cerium and calcium 
is preferred, especially for fuel cell applications. 

The weight of doped partides 32 wfll constitute 
from approximately 5 weight % to 99 weight %. pref- 
erably from 90 wt% to 99 vA% in the case of 
electrochemical cells, of the composite electronically 
conductive layer shown in Figure 4, that is, partides 
32 plus deposited stabilized Zr02 filler material 34. 
The doped partides 32 will have diameters from 
approximately 75 micrometers to 1.000 micrometers, 
preferably about 400 micrometers to 600 microme- 
ters. The partides will, cover from 5% to 99% of the 
surface area on the portion of the suri'ace where they 
are deposited. These particles must be of sufficient 
size so that the grinding step shown in Figure 5 can 
be accomplished without creating porosity In the com- 
posite structure. 

In instances where an O2 separation device is to 
be constructed, a bed of smaller powder particles (not 
shown) of the same or simPar composition as partides 
32. except that LaMnOa doped with the same mate- 
rials as the other partides can also bd used, can be 
laid down first over a substrate of calcia stabilized zir- 
conia or the like. Then the larger partides 32 can be 
pressed into place. After applying partides 32, they 
are heated, along with the substrate at between 
approximately 1,250**C and 1,450*^C to sinter them to 
the substrate, ensuring good partide bonding and 
also sintering of the "green" portton of the substrate 
structure. 

in Figure 4, a dense skeletal structure material 
34, preferably comprising stabOized Zr02, most pref- 
erably yttria stabilized zirconia. for example 
(ZrOJ^CYaOa).! « deposited between the partides 32. 
This deposition can t>e accomplished preferably, by 
electrochemical vapor deposition (EVD), generally 
following the method of U.S. Patent Specificatbn No. 
4,609,562 (Isenberg et at). This applicatk>n of stabi- 
lized Z1O2 emt>eds the partides 32 into the dense filler 
structure material 34 as the filler grovk^ thicker with 
time and doses the pores 36 in the support 30. 

The dense stabilized zirconia material 34 is 
neariy 100% dense. This stabilized zirconia material 
34 can and in many cases will cover a maj r portion 
of the t ps of the partides 32. as shown, forming, in 
some instances, an electronically insulating coating 
over th particles, since stabilized Zr02 is tohically, 
not electronically conducting. This material should be 
r moved in order to accomplish lectronic contact 
through the chromite partides to the underlying oxide 
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electrode. In some instances a nnelt impregnation 
deposit of a gas impervious, electrical insulator, such 
as recrystallizing glasses on silicate basis can be sub- 
stituted for the vapor deposited stabilized ZrOj. In this 
case, oxygen transfer cannot be accomplished across 
such a composite layer for semipemrteabie oxygen 
membranes. 

Figure 5 shows removal of any stabilized Z1O2 
that was deposited or formed on top of the emt>edded 
partides 32. As can be seen, the tops of the embed- 
ded particles 32 have been shaved (ground) off, leav- 
ing a flat, top, electronically conducting particle 
surface 38 free of stabilized Z102 material 34. As can 
be seen, the stabilized zirconia 34 partly fills the deep 
valleys between the particles 32. This step can be 
accomplished using a fine grit belt grinder, or other 
abrasive techniques. The grinding attacks only the 
high particle spots and not the main body of the layer 
on the substrate, leaving the layer gas tight 

Figure 6 shows a composite layer 40 on the sup- 
port 30. Here an electronically conductive layer 42, 
approximately 0.01 micrometer to 1 micrometer thick, 
preferably 0.1 micrometer to 0.5 micrometer thick, is 
applied over the entire surface 38 of the particles 32 
and the filler 34. This layer 42 is optional. It is applied 
only to block oxygen ion migration through the stabi- 
lized Zr02 material 34, and to minimize elecbx)chen>- 
ical "short cunjpnts", if this is seen as a problem, in the 
case of a fuel cell. In the case of a melt impregnated, 
gas impenneable insulator as filler material 34, as 
described previously, layer 42 is not required. 

In the case of a fuel cell, the layer 42 would be 
very tiiin, tiiat is less than 1 micrometer, greater than 
approximately 98% dense, and consist of, for 
example, chromic oxide (0-203). or various chromium 
spinels, that is materials of the MgCr204 type, and the 
like, applied by sol-gel or other techniques. As can be 
seen, ttie much larger particles 34 will substantially 
protrude from the coated base material 34 and allow 
ease of subsequent metal plating. As described pre- 
viously, the plating can be directly on surfaces without 
Intermediate film 42. 

In the case of a high temperature, O2 semiperme- 
able membrane, the electronically conductive layer 42 
nmist be permeable to oxygen and can comprise fine, 
closely packed, sintered LaCrOa or YCrOa particles. 
In this instance, as described previously, a similar 
layer could be placed as a bed on top of tiie support 
30, as a first step, before applying large particles 32. 

If an electronically conducting oxide is used as a 
porous support, for example, a self-supporting air 
electrode, the bed layer described above could be 
eliminated. In this arrangement, oxygen from one side 
of the membrane pass as ions ttirough the stabilized 
zirconia, if a concentration gradient exists across the 
membrane. Electrons would travel along the bed of 
fine LaCrO, or YCrOj partides on the support, 
through the large LaCrOa or YCrOj particles 32, and 



along the tiiin top layer of LaCrOa or YCrOa particles 
42. For instance, pressurized oxygen gas on one side 
of the membran plus the electrons would fpnn 
oxygen ions which would pass through the stabilized 
5 zirconia acting as solid electrolyte. This would provid 
a short circuit effect allowing O2 separation without 
application of an external current source, however, 
this can take place only at elevated temperatures 
when oxygen ton mobSity is increased. 
10 Figure 7 shows a separate metal plating current 

collector section 44, over top of the particles and also 
over layer 42. The large electronically conductive par- 
tides 32 are prominentiy exposed, and plating will 
primarily cover their top surfaces 38, as shown. Th 

IS plating thickness usually ranges from about 15 micro- 
meters to 50 micrometers. These sections 44. would 
be used primarily for fuel cell applications. As des- 
cribed previously, electronically conductive layer 42 
can substitute for plating layer 44, since layer 42 need 

20 only be applied over the partides 32. Also, electronn 
cally conductive layer 42 could be eliminated since it 
is optional. In any case, a high temperature, electroni- 
cally conductive coating will be applied over at least 
the particles 32. The metal plating layer will preferably 

25 contain nickel. The interconnection islands or sec- 
tions 44 can all be tfien connected with thin nickel foil 
(not shown), which would be a contacting surface for 
cell-to-cell interconnection. 

The invention will now be illustrated with refer- 

30 ence to the following non-limiting Example. 

EXAMPLE 

A tubular structure having the components shown 
35 in Figure 1 was constructed. A sintered lanthanum 
manganite (La^Sr leMnoj). air electrode structure 
was sprayed witfi a water slurry of fine La,s4Sr leMnOg 
powder (1 micrometer to 5 micrometer partides). 
approximately 100 micrometers in thickness, over a 
40 radially masked segment of the air electrode, shown 
as 24 in Figure 1. The air electrode was approximately 
1.000 micrometers (1.0 millimeter) thick. The inter- 
connection site area was approximately 0.9 cm wide 
X 30.5 cm long. Then, doped lanthanum chromite par- 
45 tides. La^Sr leCrOa partides about 500 micrometers 
in diameter, were applied by sieving onto the wet 
lanthanum manganite slurry coating, covering coat- 
ing, covering over 50% of the surface area. There was 
no heating up to this point. Then the partide contain- 
so ing ceil tube was dried and heated at 1.400*C for 1 
hour to sinter bond the doped LaCrOa parti'des to the 
tube. 

The porous tubular structure was then loaded into 
an evacuated vapor deposition (EVD) apparatus and 
55 heated up to 1,200**C. At temperature, oxygen plus 
steam was f d through the tube inside, so that oxygen 
would diffuse to the surface of the air electrode. 
Vapors of surconium chloride, and yttrium chloride 



5 



9 



EP 0 467 692 A2 



10 



were then fed to contact the tube outside, the doped 
lanthanum chromite particles, and the air electrode 
structure, using a process based on that taught in U.S. 
Patent Specification No. 4.609,562 (fsenberg et al.). 

The oxygen and metal halide vapors start d to 5 
react at the air electrode top surface, forming a yttrium 
doped zirconia. I(2rO2)^(Y203).i) filler on the air elec- 
trode, in between and bonding tightly to the 
La^Sr leCrOa particles. As the reaction continued, 
the filler layer grew in thickness, incorporating the par- 10 
tides. The vapor deposltfon reaction was discon- 
tinued after approximately 1 hour, providing a 
non-porous, stabilized zirconia electrolyte film over 
the air electrode and simultaneously providing gas 
tightness to and forming the composite interconnec- is 
tion, such as shown schematically in Figure 4 of the 
drawings. Then a nickel-zirconia cermet fuel elec- 
trode was fixed by standard techniques onto the elec- 
trolyte, as taught in U.S. Patent Specification No. 
4,597,170 (fsenberg). 20 

The top surface of the interconnection layer was 
then sanded with a 400 grit diamond sanding pad until 
it appeared somewhat similar to the cross-section 
shown in Figure 5 of the drawings. The doped lanth- 
anum chromite particles were sanded such that flat, 25 
top sections were exposed and excess stabilized zir- 
conia was removed. After sanding a thin, oxygen ion 
blocking layer, about 0.1 micrometer thick, of 
chromium oxide was applied by painting the surface 
with a chromium (lll)-nitrate-saturated-methanol solu- 30 
tion. The coating was dried and thermally decom- 
posed at 500*C in air. leaving a thin CrjOaO layer over 
the contact surface. The surface of the interconnec- 
tion particles was then plated with nickel from a nickel 
acetate bath, to provide a cross-section somewhat 35 
similar to Figure 7 of the drawings. This processing 
sequence provkJes a dense, high temperature elec- 
tronically conductive composite layer onto the porous 
ceramic air electrode substrate. 

Resistance for the test cell utnizing the 500 40 
micron interconnection particles in the composite 
interconnection layer at I.OOO^C was 0.64 ncm^ This 
compares favorably with standard fuel ceHs. contain- 
ing all electrochemical vapor deposited interconneo- 
tton material, and having resistance values of 0.50 45 
ncm2 at 1,000*^0. The test cell, having an active area 
of 127 cm2 was operated at 1,000*»C with hydrogen 
and 3% H^O as fuel for 168 hours. The current was 
maintained at 31.7 A (250 mA/cnn2) and a fuel utili- 
zation of 85% was established. The cell open circuit so 
voltage at the established gas flow was 1,015 mV to 
1.018 mV (1,070 mV was expected), indicating only 
minor porosity composite interconnection which was 
due to some porosity in the chromite particles. After 
the t St, microscopic topographical inspectton did not 55 
show any abnormal alt ration of the interconnection 
features. 

A semipemieable oxygen membrane could be 



mad with minor modifications to the method just des- 
cribed, where calcia stabilized zirconia would be sub- 
stituted for the air electrode material and where a thin 
porous layer of v ry fine, doped lanthanum chromite 
particles or other conductive oxides would be laid 
down as a first layer with subsequent application of 
the composite layer of stabilized zirconia plus the 
chromite particles. Such a structure is permeable to 
oxygen If a concentration gradient exists across such 
a membrane. However, the packing density of chro- 
mite particles is adjusted to optimize the oxygen p r- 
meabaity, not the electronic conduction, that is, the 
packing density of the chromite particles Is reduced to 
a level so that the electronic resistance does not 
become the limiting membrane resistance. 

If an oxygen semipenneable membrane operat s 
at elevated oxygen activities on both skJes, oth r 
mbced oxides that are not stable in reducing gas 
atmospheres can be used as granules or particles. 
Such materials would be similar to oxides that are 
used for air electrodes of fuel cells, such as doped 
lanthanum manganite (LaMnOa). 



Claims 

1. A method of forming a dense, high temperature 
electronically conductive composite layer on an 
electrode structure, characterized by the steps of: 

(A) applying a thin layer of tlense particles 
selected from the group consisting of doped 
LaCrOa and doped YCrOa where the dopant is 
an element selected from the group consisting 
of Mg, Ca, Sr, Ba. Ce, Co, Ni. and matures 
thereof, on a portion of a first surface of a por- 
ous electrode structure. 

(B) heating the particles to sinter bond them to 
the electrode, 

(C) electrochemical vapor depositing a dense 
skeletal structure comprising stabilized ZrOa, 
between and around the doped particles, 
where the particles get embedded Into the 
stabilized ZrOj structure as It grows thicker 
with time. 

(D) removing any stabilized ZiOz that was 
deposited on top of the embedded particles, to 
expose the doped particles, and 

(E) applying a high temperature electronically 
conductive coating over at least the doped 
partides. to provide an electronically conduc- 
tive interconnection layer on the porous elec- 
trode structure. 

2. The method of daim 1. characterized in that the 
electrochemical vapor deposition step comprises 
heating the electrode structure, and applying 
metal halide vapor comprising zirconium halide 
and yttrium halide to the uter first surface of the 
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porous electrode structure and applying a source 
of oxygen to an inner second, opposite surface of 
th porous electrode structure, so that oxygen 
contacts the metal haltde vapor at said first sur- 
face of the electrode to cause a reaction of the 5 
oxygen with the metal halide vapor and cause a 
dense, zirconiumyttrtum, oxide structure to grow 
from the first electrode surface, between and 
around the doped particles. 

10 

3. The method of claim 1, characterized in that the 
electrode structure Is a porous, tubular, solid 
oxide fuel cell air electrode structure comprising 
doped LaMnOa. 

IS 

4. The method of daim 1, characterized.in that the 
doped LaCrOs particles cover 5% to 99% of the 
surface area on the portion of the surface where 
they are deposited, and where the particles are 
dose-packed. 20 

5. The method of daim 1, characterized In that the 
doped LaCrOa partides have diameters from 75 
micrometers to 1 ,000 micrometers, are applied as 

a dosely pecked single partide layer, and the par> 25 
tides remain intact within the interconnection 
layer in discrete form after step (B). 

6. The method of claim 1. characterized in that the 
doped LaGrOa particles have diameters from 400 30 
micrometers to 600 micrometers, the electrode 
structure is an air electrode, the partides are 
doped LaCrOa partides, and the layer of doped 
LaCrQs partides is applied in step (A) by tape 
application. 35 

7. The method of daim 1 . characterized in that a cer- 
met fuel electrode is applied over the electrolyte, 
to provide an electrochemical solid oxide elecbt>- 

lyte cell. 40 



LaCrOa, and mixtures thereof. 

11. A membrane according to daim 8, characterized 
in that the membrane is coated on t>oth sides with 
a thin porous layer of oxides of the Perovskite 
family. 



8. An oxygen semi-penmeable membrane, charac- 
terized in that electronically conducting partides 
selected from the group consisting of doped 
LaCrOa, doped YCrOs. doped LaMnOa partides 45 
and mbctures thereof, are embedded in stabilized 
2y02« and the top partide surfaces are exposed 

to the atmosphere on both sides of the mem- 
brane. 

50 

9. A membrane according to daim 6, characterized 
in that such a membrane is placed on a porous 
stabilized ZXO2 support tube. 



10. A membrane according to daim 8, characterized 55 
in that the membrane is placed on a conducting 
oxide porous support tube selected from the 
group consisting of doped LaMnOa, doped 
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